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ABSTRACT (online version) 
  In the assisted human reproduction the quality of the gametes is very important for 
a successful fertilization. One of the parameters used to assess the quality of the oocytes is 
the degree of their maturation. After follicular puncture the oocytes can be find in three 
different stages of maturation: premature, mature, and postmature.  The immature oocytes 
maturated in vitro for 24 hours in optimal conditions will be fertilized. The ultrastructural 
aspects of  this  oocytes are similar with the aspect of the typically mature oocytes The 
immature oocytes maturated in vitro for 24 hours in the presence of sperms will not be 
fertilized.  The  ultrastructure  of  this  oocytes  (unfertilized)  presents  some  differences 
comparative with mature oocytes such as: 
•  the  internal  face  of  the  zona  pellucida  is  irregular;  a  large  number  of  secretory 
vesicles (empty or with an amorphous electrono aspect  content ), and a high number 
of mitochondrias; 
•  the absence of the cortical granule in the peripheral cytoplasm; 
•  on the external face of the zona pellucida sperms partially embedded in the zona are 
present; 
•  new investigation at the ultrastructural level are necessary to elucidate this aspects  
KEY  WORDS:  assisted  human  reproduction,  mature  and  immature oocytes,  in 
vitro maturation and fertilization, ultrastructural aspects. 
 
INTRODUCTION 
The assisted human reproduction was and it is considered mostly as a 
technical achievement, even if behind it lies a great number of researches on 
lab mammal’s embryos. The results obtained using lab animals aren’t 100% 
usable for human embryos. There are many aspects unknown yet concerning 
the  human  gametes,  fertilization  and  human  preimplantational  embryos, 
which must be investigated using human material. 
  During  assisted  reproduction  remain  a  number  of  gametes  and 
embryos, which can be used for scientifically investigations, with the accord 
of the couple involved. I.CHECIU, MARIA CHECIU, DELIA CHECIU HUŢANU, ELENA VLĂDESCU, C. CRĂCIUN: Ultrastructural 
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  Usually, 80% of the oocytes are in vitro fertilized. In some cases this 
percentage is lower even if the number and motility of the sperms are good, 
which suggest that the fertilization process depends equally on the oocyte`s 
quality. 
One of the parameters used to assess the quality of the oocytes is the 
degree of maturation of the obtained oocytes. Taking in consideration our 
previous experience and the data from literature, the oocytes can be find in 
three different stages of maturation: premature, mature and postmature. The 
main parameter used in this classification is the aspect of the oocyte and of 
the corona radiata in optical microscopy. 
Detailed  investigations  of  the  ultrastructural  aspects  of  the  tree 
categories of oocytes enable an ultrastructural description of each type of 
oocyte. The ultrastructural description will allow establishing a link between 
the ultrastructural aspect of the oocyte and its aspect in optical microscopy. 
  On the other hand the immature oocytes can be maturated in vitro, in 
adequate conditions for 24h, after this period they will be fertilized. 
  From our previous experience we noticed that the immature oocytes 
matured in vitro for 18 24h in the presence of sperms will not be fertilized, 
even if they are moved in fresh medium and fresh prepared semen is added. 
If the immature oocytes are matured for 24h in a medium free of sperms we 
noticed that they would be fertilized when semen is added. 
  In  this  context  we  want  to  investigate,  at  ultrastructral  level,  the 
eventual  modifications  that  can  explain  this  particular  behavior  of  the 
oocytes. 
  According with the ethical norms, we used for this study only the 
overnumbered oocytes and embryos, for which we have the written approval 
of the couples. 
 
MATERIALS AND METHODS 
  During  2003 2004  at  the  IVF  lab  from  Universitary  Clinic  of 
Obstetrics  and  Gynecology  “Bega”  were  performed  over  120  follicular 
puncture and we were able to obtain for the study 65 oocytes. 
  The oocytes were divided in 5 categories (5 groups): 
  20 mature oocytes fixed immediately after follicular puncture; 
  9 immature oocytes fixed immediately after follicular puncture; 
   10  immature  oocytes,  matured  in  vitro  for  24h  in  sperms  free 
medium; Annals of West University of Timişoara, ser. Biology, vol. VII, 2004  
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  4 immature oocytes, matured in vitro, unfertilized; 
  10 fertilized oocytes. 
  The oocytes were prefixed in 2.5% solution glutaraldehide, for 1h at 
4°C; postfixed in 1% solution osmium tetraoxide, for 1 h at 4°C; washed in 
phosphate buffer solution and embedded in W Vestopal.The sections were 
contrasted with uranil acetate and Pb citrate and examined at TESLA BS 
500  microscope  at  the  Developmental  Biology  Laboratory  from  West 
University Timisoara and at the JEOL JEM 1010 microscope from Babes 
Bolyai University from Cluj Napoca. 
 
RESULTS AND DISCUSSIONS 
The  analysis  and  the  study  of  the  microscopical imagines  obtained 
(over 400) have shown serial  aspects, some of them described in literature 
and some of them undescribed in literature, yet.. 
  The mature oocytes fixed immediately after the follicular puncture 
together with the corona radiata`s cells have a characteristic ultrastucture, 
with  normal  eukariotic  cell  components,  but  also  with  specific  oocyte 
components. 
Zona pellucida forms a thick layer (10 15 m) around the oocyte. The 
external margin of the zona pellucida shows a lot of unregullarities with 
microvilli. The internal margin of the layer has a more regular aspect. Fig.1 
  The perivitelin space is a thin space, between the internal face of the 
zona pellucida and the oocyte` plasmalema. The plasmalema send, in the 
perivitelin space a great number of microvilli. Fig. 1,2. 
  In the cytoplasm of the oocyte, near the plasmalema are the cortical 
granules. Fig  2,3. 
  The cortical granules are disposed in 1 – 2 rows at the periphery of 
the cell, they have a round shape with a dense electrono – microscopically 
aspect due to the proteic content.Fig.3. 
Also, there are present a great number of mitochondria  (darker, round 
formations), a lot of secretion vesicles (some authors consider these vesicles 
smooth  endoplasmic  reticule)  with  an  amorph,  dense  electono optical 
aspect, the same colour with the zona pellucida. Fig. 2,3,4. 
In the central zone of the cytoplasm it can be seen the Golgi complex, 
with dilated golgian sacs. Fig.4. 
The oocyte was fixed together with the corona radiata and cumulus 
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The ultrastructure of these cells is extremely diversificated. In some 
cells the smooth tubulo lamelar endoplasmic reticule is predominant. Fig.5. 
In  other  cells,  the  secretion  vesicles  full  of  lipidic  material  (probably 
estrogenic hormones) together with smooth tubular endoplasmic reticule are 
predominant.Fig.6. The nucleus of these cells is large, with an unregular 
shape. 
In  some follicular  cells are present mostly secretion  vesicles and  a 
small number of area with smooth endoplasmic reticle. In theses cells 2 3 
nuclei are present.Fig.7. 
In  other  cells we find simultaneously full secretion vesicles, empty 
secretion vesicles, dilated endoplasmic reticle.Fig.8. 
The  presence  of  the  secretion  vesicles  full  with  steroid  hormones 
suggests the presumptive role of these cells in hormonal maturation of the 
oocyte. 
  The ultrastructure of the immature oocytes fixed immediately after 
the follicular puncture shows some unexpected characteristics. 
  The  zona  pellucida  is  on  it’s  internal  margin  very  unregullar, 
especially  where  the  perivitelin  space  is  very  narrow.  Fig.9.  From  zona 
pellucida starts lamellipodia, which touch the oocyte`s plasmalema. Fig 9. 
This  aspect  is  no  longer  met  in  the  ultrastucture  of  mature  oocytes  and 
suggests  that  in  immature  oocytes  the  structure  of  zona  pellucida  is  not 
completely finalized. 
  The cytoplasm of immature oocytes is reach in secretion vesicles, 
which contains the same filamentous material met in the structure of zona 
pellucida.Fig.9, 10. 
  Using high magnifications it is clearly seen these vesicles during the 
exocitosis process, when their content is empty in the perivitelin space. Fig 
10,11. 
The ultrastructural aspect of the content of these vesicles confirms that 
the material emptied is a glicoproteic material and will enter in the structure 
of the internal margin of the zona pellucida. Another reason that confirms 
this hypothesis is that during fertilization the internal margin of the zona 
pellucida suffers transformations, which disable the penetration of it by a 
second sperm.  
  During fertilization, in the moment when the head of the first sperm 
touches the oocyte`s plasmalema, the cortical granule empty their enzymatic Annals of West University of Timişoara, ser. Biology, vol. VII, 2004  
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content in the perivitelin space by exocitosis. By the action of these enzymes 
the internal margin of the zona pellucida became rigid and doesn’t allow a 
second sperm  to penetrate the zona pellucida. This is the mechanism by 
which is prevented the polyspermy. 
  It  seems  that  the oocytes itself produces the macromolecules that 
forms  the  internal  margin  of  the  zona  pellucida  and  also  the  enzymes 
involved in the polyspermy processes. The role of the oocyte in the zona 
pellucida formation process seems to be very important. 
Another aspect found in the structure of the immature oocyte is that in 
its structure aren’t any cortical granule. Fig 11,12. 
  The  corona  radiata`s  cells  have  a  characteristic  aspect,  with  their 
pointed top embedded in the zona pellucida and with the other top (which 
contains vesicles with estrogens hormones) having the same aspect like in 
mature  oocytes.  Fig  13.  Probably  these  cells,  by  their hormonal content, 
sustains the development and growing of the oocyte. 
The immature oocytes, matured in vitro, in the absence of sperms have 
an ultrastructural aspect very similar with the aspect of the mature oocytes 
and completely different from the immature oocytes. 
  In  its  cytoplasm  the  secretory  vesicles  are  present  in  very  small 
number.  On  the  internal  margin  of  the  zona  pellucida  aren’t  any 
lamellipodia. Fig.14. 
In the peripheral cytoplasm are a small number of cortical granules, 
but a great number of mitochondrias and in the perivitelin space are a great 
number of microvilli. Fig.14. 
  In  the  perivitelin  space  it  can  be  seen  the  first  polar  body,  the 
cytoplasm has a typical structure and the chromosomes are visible. Fig. 15. 
The corona radiata`s cells have the same ultrastructural aspect like in 
the in vivo matured oocyte. Fig.16. 
The  ultrastructure  of  the  immature oocyte, matured  in vitro,  in the 
presence of sperms and unfertilized is similar from some points of view with 
the aspect of the mature oocyte, but also presents some differences. 
The  internal  margin  of  the  zona  pellucida  is  unregullar;  in  the 
cytoplasm a large number of secretory vesicles are present, some of them 
empty, some of them with an amorphous electronoaspect content and a large 
number of mitochondrias. Fig 17, 18. I.CHECIU, MARIA CHECIU, DELIA CHECIU HUŢANU, ELENA VLĂDESCU, C. CRĂCIUN: Ultrastructural 
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The  main  difference  is  that  there  is  no  cortical  granule  in  the 
peripherical cytoplasm. 
On the external margin of the zona pellucida are seen sperms partially 
embedded in the zona. Those sperms weren’t able to penetrate totally the 
zona to achieve fertilization. Fig. 19. 
We have no explanation for the way by which the presence of sperms 
blocks the forming of cortical granule in the cytoplasm and the complete 
maturation of the oocyte. 
  In the fertilized oocytes (prezygotes), in the cytoplasm are visible the 
2 pronuclus. 
  The section plans catch only tangential the second pronucleus. Inside 
it can be seen a uniform, dense nucleol. Fig.20,21. 
In the ultrastructure of the fertilized oocyte it can be seen: 
   in  the  cytoplasm  around  the  2  pronucleus  it  can  be  seen  a  large 
number of mitochondrias and smooth endoplasmic reticle, Fig 20, 21; 
  using a high magnification amoung the mitochondria it can be seen 
cristaloides inclusions, Fig.22; 
  the peripherical cytoplasm of the prezygote has an uniform aspect 
and contains a small number of mitochondria or secretory vezicles. Fig.23 
 
CONCLUSIONS 
  The  ultrastructural  study  of  different  types  of  oocytes,  obtained 
during  assisted  reproduction  technique  permits  to  show  some  new 
ultrastructural aspects, undescribed in literature. 
  The human oocytes in different stages of maturation show that the 
maturation is a highly complex process, unknown sufficiently. 
  The  immature  oocytes,  matured  in  vitro  have  ultrastructural 
characteristics, which are similar with the characteristics of in vivo matured 
oocytes that shows that in vitro maturation is possible and has a normal 
aspect. 
  New  investigations  are  necessary  to  elucidate  why  the  immature 
oocytes,  matured  in  vitro  in  the  presence  of  sperms  aren’t  able  to  be 
fertilized. 
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Fig. 1 (10000 nm) 
 
 
Fig.2 (5000 nm) Annals of West University of Timişoara, ser. Biology, vol. VII, 2004  
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Fig. 3 (2000 nm) 
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Fig. 5 (5000 nm) 
 
 
          Fig. 6 (5000 nm) Annals of West University of Timişoara, ser. Biology, vol. VII, 2004  
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Fig. 7 (5000 nm) 
 
 
Fig.8 (5000 nm) I.CHECIU, MARIA CHECIU, DELIA CHECIU HUŢANU, ELENA VLĂDESCU, C. CRĂCIUN: Ultrastructural 
Modifications of the Human Oocytes During In Vitro Fertilization Procedure 
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Fig. 9 (10000 nm) 
 
 
Fig. 10 (5000 nm) Annals of West University of Timişoara, ser. Biology, vol. VII, 2004  
 
  79
 
Fig. 11 (2000 nm) 
 
 
Fig.12  (2000 nm) I.CHECIU, MARIA CHECIU, DELIA CHECIU HUŢANU, ELENA VLĂDESCU, C. CRĂCIUN: Ultrastructural 
Modifications of the Human Oocytes During In Vitro Fertilization Procedure 
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Fig. 13 (20000 nm) 
 
 
Fig. 14 (5000 nm) Annals of West University of Timişoara, ser. Biology, vol. VII, 2004  
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Fig. 15 (10000 nm) 
 
 
Fig.16 (20000 nm) I.CHECIU, MARIA CHECIU, DELIA CHECIU HUŢANU, ELENA VLĂDESCU, C. CRĂCIUN: Ultrastructural 
Modifications of the Human Oocytes During In Vitro Fertilization Procedure 
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Fig. 17 (20000 nm) 
 
 
Fig. 18 (10000 nm) Annals of West University of Timişoara, ser. Biology, vol. VII, 2004  
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Fig. 19 (5000 nm) 
 
 
Fig. 20 (10000 nm) I.CHECIU, MARIA CHECIU, DELIA CHECIU HUŢANU, ELENA VLĂDESCU, C. CRĂCIUN: Ultrastructural 
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Fig. 21 (5000 nm) 
 
 
Fig 22 (2000 nm) Annals of West University of Timişoara, ser. Biology, vol. VII, 2004  
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Fig. 23 (10000 nm) 